The molecular-clock hypothesis, i.e., the rate constancy of molecular evolution (Zuckerkandl and Pauling 1965) , has been a cornerstone for several issues in molecular evolution, such as the neutral mutation hypothesis (Kimura 1983 ) and the estimation of phylogenies (Nei 1987, pp. 309-3 13 ) and divergence times (Li and Graur 199 1,. For the purpose of assessing the constancy of molecular evolution, a relative-rate test was developed to determine whether protein replacements are the same in two taxa (Sarich and Wilson 1973) , and this test has been extended to nucleotide substitutions ( Wu and Li 1985; Li and Tanimura 1987) . In the latter test, the evolutionary distance between taxon 1 and a reference taxon is compared with that between taxon 2 and the reference taxon, so that only two taxa could be simultaneously compared. However, it is of interest in some cases to compare numbers of nucleotide substitutions between two lineages, with each lineage including several taxa. One solution is to perform a series of relative-rate tests between taxa in a pairwise fashion, with one taxon from each of the two lineages. These tests, however, are not independent, so that statistical inferences drawn are not clear. A more rational solution would be to construct a test by using all the sequences from the two lineages.
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In this note, we extend the relative-rate test of Wu and Li ( 1985) to cases where more than one taxon are sampled for one nucleotide sequence in two lineages compared. Suppose that a phylogenetic tree consists of two lineages, with lineage 1 having n taxa and with lineage 2 having m taxa ( fig. 1 ). First, we present formulas for calculating both the weighted number of substitutions in each lineage as compared with a common reference taxon and the variance of the difference in the weighted number of nucleotide substitutions between the two lineages. Then we assume that the number of nucleotide substitutions follows a Poisson process, so that the standardized normal distribution could be used to test whether the numbers of nucleotide substitutions are the same in the two lineages ( Wu .
We define the following terms: N, = the number of nucleotides compared between the ith sequence in lineage 1 and the reference sequence, i = 1, . . . , n. Nj = the number of nucleotides compared between the jth sequence in lineage 2 and the reference sequence, j = 1, . . . , m.
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Ni. The variance for K, -K2 is The number of nucleotide substitutions and its variance [K and V(K), respectively] are calculated according to formulas for the one-parameter method (Jukes and Cantor 1969) or for the two-parameter method (Kimura 1980; Li et al. 1985) . The covariances, COV (K, , K, t ), COV( Kj, Kjf ), and COV( Ki , K,), have been derived for the one-parameter method (Nei et al. 1985; Li and Tanimura 1987) or for the two-parameter method ( Wu .
We used the rbcL nucleotide sequence data from the Betulaceae (birch) family (Bousquet et al. 1992) to illustrate the proposed relative-rate test. Both the parsimony and the neighbor-joining methods showed that the five taxa sampled from the birch family were divided into two clades: Betuleae (Betulu and Anus) and Coryleae (Corylus, Ostryu, and Curpinus). In addition, the Betuleae clade appeared to evolve at a slower speed than the Coryleae clade. To examine the null hypothesis that the two clades evolve at the same speed, we first conducted relative-rate tests between taxa in a pairwise fashion, one taxon from each of the Betuleae and Coryleae clades, with Quercus rubra as the reference taxon. Numbers of nucleotide substitutions and their variances were estimated from the one-parameter method (Jukes and Cantor 1969) . Results from the six pairwise tests showed that only Betulu evolved at a significantly lower speed than both Ostryu and Carpinus, at the 0.05 probability level, while all other comparisons did not show any significant differences (table 1) . Thus, for this approach, it is not clear whether the Betuleae clade evolved at the same speed as the Coryleae clade. Second, we applied formulas ( 1 )-( 4) and found that the difference in the number of nucleotide substitutions per site between the Betuleae and Coryleae clades was -0.0063 with a standard error (SE) of 0.0028 (table 1). The test statistic NOTE.-The relative-rate tests were used to assess heterogeneity of numbers of substitutions per site, which were estimated from the one-parameter method (Jukes and Cantor 1969 [ ( K,-K2)/ SE( K1 -K2) = -2.23 ] followed approximately the standardized normal distribution, with a probability value of 0.022, which led to the rejection of the hypothesis that the two clades evolved at the same speed. Thus, our test showed that the Betuleae clade evolved at a significantly slower rate than the Coryleae clade. This example illustrates that our proposed test is more powerful in revealing rate heterogeneity between two lineages than are the pairwise tests using two taxa, one from each of the two lineages.
In addition, we also compared our proposed test with pairwise tests by using nucleotide-substitution numbers estimated from the two-parameter method (Kimura 1980) . In the six pairwise tests, only Betula evolved at a significantly slower speed than Ostrya and Carpinus, at the 0.05 probability level (table 2 in Bousquet et al. 1992) . By applying our proposed test, we found that the difference, in the number of nucleotide substitutions per site, between the Coryleae and Betuleae clades was -0.007 with an SE of 0.003. The hypothesis that the two clades evolved at the same speed was rejected, at a 0.02 probability (the test statistic was -2.32).
The relative-rate test for the two lineages could be extended to cases where nucleotide sequences from more than one gene are used to estimate phylogenies. First, the difference in the number of nucleotide substitutions between the two lineages and its variance are calculated for each gene by following formulas ( l)-(4). Then, the mean nucleotide-substitution difference between the two lineages is computed as the average of all genes, weighted by the number of sites. The variance of the mean difference could be calculated as has been done by Wolfe et al. ( 1987) .
Note added in proof-The test developed here could also be used to examine rate constancy between two groups defined a priori on criteria other than monophyly for each group [e.g., between parasitic and nonparastic plants (Nickrent and Franchina 1990) ], as long as the reference taxon is a sister group.
